Abstract The objective of this study was to compare the efficacy and tolerability of celecoxib, meloxicam and paracetamol in late Kashin-Beck disease. Adults (n=168) with Kashin-Beck disease were randomised in clusters to receive six week courses of celecoxib 200 mg once daily, meloxicam 7.5 mg once daily or paracetamol 300 mg three times daily. Efficacy assessments included overall joint pain intensity and Western Ontario and McMaster Universities Osteoarthritis Index subscales; tolerability was evaluated by adverse event and physician reporting. Celecoxib and meloxicam were efficacious in relieving pain and improving stiffness, but unable to improve physical function after six weeks. Paracetamol was efficacious in relieving pain, but unable to improve morning stiffness and physical function after six weeks. Celecoxib and meloxicam provide predictable and sustained relief from pain and stiffness. Paracetamol can relieve the pain. None of the treatments improved impaired physical function in Kashin-Beck disease.
Introduction
Kashin-Beck disease (KBD) is a chronic, endemic, degenerative osteoarthropathy with severe skeletal deformation and dwarfism; its cause is unknown [1, 2] . Aetiological hypotheses include mycotoxins in stored barley grains [3, 4] , selenium deficiency [5, 6] and excess of fulvic acid in drinking water [7] . Three million people are affected in an endemic area from east Siberia to north and west of China [8] .
Initial pathological changes are multiple degenerative and necrotic lesions within the growth plate cartilage and articular cartilage, which are associated with disturbed mineralisation and malformation. The secondary pathological findings, visible on radiographs, are repairing and remodelling around the necrotic foci of the cartilage of the metaphysis, bone end, epiphysis and carpal bones [2] . The most frequently affected sites are the distal limb joints [9] [10] [11] , especially the hands [2] . Although its aetiology differs from osteoarthritis (OA) and rheumatoid arthritis (RA), the central pathological feature of KBD is still a degradation of cartilage, similar to OA.
KBD usually afflicts children between the ages of five and 13 years at the onset and usually involves the metaphysis in growing bone. Clinically, the disease manifests in arthritic pain, morning stiffness, enlarged and shortened fingers, and deformed, enlarged joints with limited motion in the extremities. In seriously affected patients, this disease leads to shortened stature or dwarfism and disability in their daily life [2] . The physical environment will aggravate the evolution of the disease accelerating the OA lesions [12] . For some severely affected patients surgery will be needed to reconstruct the affected joints [9, 13] .
The functional disability that partly results from the pain of KBD is one of the most common disabilities in the elderly population. Relieving the pain is an important intervention for those patients.
Based upon the experience for OA treatment, we tried to use non-steroidal anti-inflammatory drugs (NSAID) and analgesics to relieve the pain and other symptoms of KBD. This study was conducted to observe the efficacy and safety of celecoxib, meloxicam and paracetamol in treating the symptoms and improving the dysfunction of elderly KBD patients.
Methods
The study was conducted as a cluster randomised, mono-blind, parallel-group, mono-centre trial over six weeks in the Jala village, Bashen village and Rongmuda village of Rangtang county, Sichuan province, China. The primary objective was to determine the efficacy of celecoxib, meloxicam and paracetamol in the treatment of KBD as evaluated by the change in overall pain intensity in the most severely affected joint. Secondary objectives included the Western Ontario and McMaster Universities (WOMAC) Osteoarthritis Index subscales, patients' and physicians' global assessment of disease activity and the assessment of the safety and tolerability profiles of celecoxib, meloxicam and paracetamol.
The study protocol was approved by the Institutional Review Boards at our medical college and was conducted according to Good Clinical Practice guidelines and in accordance with the Declaration of Helsinki (1964 and subsequent revisions). Patients provided informed consent before undergoing any study procedures.
Patients
Adult patients (aged 18-75 years) were eligible to participate in the study if they had a clinical or radiographic diagnosis of KBD. The clinical diagnosis of KBD was made by the orthopaedic surgeons and physicians of the Rheumatology Department of West China Hospital, West China Medical School, Sichuan University on the basis of clinical criteria previously described [10] and when patients had been symptomatic for at least three months prior to enrolment and had not received an NSAID or other analgesic therapy on a regular basis. Patients were required to have experienced a pain intensity of at least 40 mm on a 100-mm visual analogue scale (VAS; 0 mm representing no pain and 100 mm representing very severe pain) in the most severely affected joint during the 24 hours prior to randomisation. Patients were excluded from the trial if they had a history of, or evidence of, specified confounding disorders (e.g. septic arthritis, inflammatory joint disease or articular fracture). Significant medical problems that would, in the opinion of the investigators, influence outcomes were also grounds for exclusion, as were a history of open knee or hip surgery within one year prior to study entry, anaemia or hepatic, renal or blood coagulation disorders, prior intolerance of any NSAID or cyclooxygenase 2 (COX-2)-specific inhibitors, analgesic or antipyretic or presence of aspirin hypersensitivity. Patients with a history of upper gastrointestinal (GI) tract perforations, ulcers or peptic ulcer bleeding were not excluded unless the event had occurred within the six months prior to enrolment.
After a washout period of three to seven days, during which no NSAID therapy was permitted, eligible patients were randomised in clusters to receive celecoxib 200 mg once daily (qd), meloxicam 7.5 mg qd or paracetamol 300 mg three times daily (t.i.d.) for six weeks.
Variables
The primary efficacy comparison was between baseline and at week six of the overall joint pain intensity experienced in the most severely affected joint over the previous 24 hours, using a 100-mm VAS (0, no pain; 100, worst pain) for each drug. The joint assessed to be the most severely affected at screening was evaluated for the baseline and at week six.
Secondary efficacy measures were patients' and physicians' global assessment of disease activity also using the 100-mm VAS and assessment of pain, stiffness and physical function using the WOMAC Osteoarthritis Index (WOMAC 3.1 Likert questionnaire) [14] . All measures were applied at baseline and week six.
Safety variables included adverse events (AEs), serious AEs (SAEs), laboratory evaluations, vital signs and physical examinations conducted at each visit. AEs were graded based on qualitative assessment of the extent or intensity of the AE by the investigator, or as reported by the patients. SAEs were defined as any fatal or immediately life-threatening clinical experience or disabling event, or one that required prolonged inpatient hospitalisation, whether or not it was judged to be related to treatment.
Statistical analyses
All statistics were determined by using SPSS 15.0 software for Windows. The t test was used to analyse repeated measures such as primary efficacy variable and secondary efficacy variables. The incidence of AEs and the rates of patient withdrawals (overall and due to AEs) were compared between the groups using a χ 2 test or Fisher's exact test when appropriate. All statistical tests were two sided and performed at the 5% significance level.
Results

Study population
A total of 168 patients were divided into three groups by the cluster randomisation method to receive celecoxib 200 mg qd (n=52), meloxicam 7.5 mg qd (n=72) or paracetamol 300 mg t.i.d. (n=44). The treatment groups were matched with no significant differences in baseline demographics and disease characteristics ( Table 1) and most of the patients were of Tibetan nationality. In total, 12 (7.1%) patients discontinued treatment prior to the end of the study. The main reasons for withdrawal were the emergence of AEs (n=8) and lack of efficacy (n=4).
The involvement of joints is bilateral in most of the cases. The details of the frequency and sites of the lesion distribution are shown in Table 2 . Except for the interphalangeal joint involvement, the lower limb is more frequently and more severely affected than the upper limb.
Overall joint pain intensity Celecoxib, meloxicam and paracetamol were found to be effective in the confirmatory analysis of the primary efficacy variable, the overall joint pain intensity. The mean ± SD for baseline (mm) and week 6 (mm) was 59.42±13.35 and 43.263± 17.65 for the celecoxib group, 56.76±13.5 and 34.56±15.59 for the meloxicam group and 50.24±17.74 and 30.71±16.59 for the paracetamol group, respectively. All values at week six were lower than baseline value (all P≤0.01).
Global assessment of disease activity
For the secondary endpoint, patients' global assessment of disease activity, all three treatments (celecoxib, meloxicam and paracetamol) were significantly improving disease activity at week six (all P≤0.001) (Table 3) . Similarly, all three of the active treatments were significantly improving physicians' global assessment of disease activity at week six (all P≤0.001) ( Table 3) .
WOMAC subscale assessments
The three WOMAC subscales were assessed as secondary efficacy measures.
The WOMAC pain subscale score demonstrated that the celecoxib, meloxicam and paracetamol treatment regimens were all effective. At week six, all of the treatment groups were statistically superior to the baseline (all P<0.01) (Fig. 1) .
On the WOMAC physical function subscale, none of the treatment groups achieved statistically superior results at week six compared with baseline score (all P>0.05) (Fig. 2) .
On the WOMAC stiffness subscale, the celecoxib and meloxicam treatment groups achieved statistically superior scores compared with baseline (both P<0.01) , but the paracetamol treatment group did not achieve statistically superior scores compared with baseline (P>0.05) (Fig. 3) .
Safety and tolerability
The majority of AEs reported were mild to moderate in intensity in all treatment groups. The incidence of any AE (i.e. including mild to severe, treatment-related and nontreatment-related) was similar across the three groups ( Table 4 ). The most frequently reported treatment-related AEs across all treatment groups were diarrhoea, nausea, dyspepsia, oedema and skin rash. The proportion of patients experiencing at least one GI-related AE was higher among patients treated with meloxicam (27.7%) compared with celecoxib (21.1%) and paracetamol (18.1%), but the difference was not statistically significance. Oedema was generally mild in degree. No SAEs were reported in any of the three treatment groups. In general, notable abnormal laboratory test results did not follow any clinically relevant pattern in any treatment group.
Discontinuations due to AEs were similar among each of the celecoxib, meloxicam and paracetamol groups accounting for two, four and two, respectively. The number of discontinued treatment for lack of efficacy was one, one and two, respectively. improve mobility and thus improve the socio-economic status of patients. The physical therapy treatment uses simple techniques, is easy to learn, but needs the physiotherapist to work on a long-term basis to achieve the effects [15] . Some advanced cases had undergone surgery to improve their joint function [13] . Up to now, in the endemic area of KBD, one of the problems is pain relief for most of the patients with KBD. Patients with KBD need pain relief as well as improvement of functional disability over the short-and long-term. The study demonstrates that celecoxib 200 mg qd is efficacious in treating the signs and symptoms of KBD and the efficacious results are consistent with the published data on the COX-2-specific inhibitor. Although non-selective NSAID can be effective for managing the pain and other symptoms of OA, the elevated risk of GI toxicity associated with these agents, due to their inhibition of the COX isoenzyme COX-1, often limits their use [16] . The discovery of a second COX isoenzyme (COX-2) and the subsequent knowledge of its tissue distribution, regulation, expression and function led to the COX-2 hypothesis: specific inhibitors of COX-2 will provide equivalent efficacy to traditional NSAID (which inhibit both COX-1 and COX-2 isoenzymes) but will result in greater GI safety [16] . Several studies have shown the efficacy of COX-2-specific inhibitors to be comparable with that of non-specific NSAID such as naproxen and diclofenac in the treatment of OA and the greater GI safety of celecoxib [17] [18] [19] .
Discussion
One of the objectives of this study was to evaluate the safety and efficacy of meloxicam 7.5 mg qd in patients with KBD. It proved to be effective, safe and well tolerated for the treatment of KBD and was superior to paracetamol in remission stiffness and similar to celecoxib for the primary and secondary efficacy parameters. Moreover, the uniform incidence of GI AEs was similar to that for celecoxib. Meloxicam has been approved for the treatment of OA, RA and ankylosing spondylitis. In vitro and in vivo tests have shown that meloxicam is a COX inhibitor that demonstrates more COX-2 inhibition than COX-1 inhibition at therapeutic concentrations [20, 21] .
The study demonstrated the clinical efficacy of paracetamol in the treatment of pain in KBD at a three times daily dose and over 42 days. Paracetamol is the initial drug recommended for systemic treatment of symptomatic OA of the hip and knee by the American College of Rheumatology [22, 23] . It was therefore the most appropriate drug to use for comparison with other drugs in an efficacy and safety study of KBD pain control. Further treatment recommendations will have to take into account the present data, linked to the better efficacy/tolerability ratio compared with other drugs, to elaborate a more widely based treatment strategy for KBD pain. Paracetamol provided effective relief of pain from KBD, but not of stiffness. We hope the dosage of 900 mg t.i.d. will be used in the next work and that we can look forward to better results in the future. The results presented here demonstrate the efficacy of celecoxib, meloxicam and paracetamol in relieving the symptoms from KBD [15] . In terms of overall joint pain intensity, celecoxib, meloxicam and paracetamol afforded significant pain relief over six weeks of treatment. Throughout the study, celecoxib, meloxicam and paracetamol were effective in lowering pain intensity. The secondary efficacy endpoints supported these observations. Each of the WOMAC pain subscale scores demonstrated significant differences between baseline and endpoint for the active agents. Similarly, changes in patient and physician global assessments of disease activity showed consistent significant differences. No consistent significant differences in the pain endpoints were observed among celecoxib, meloxicam and paracetamol. They were comparable in terms of efficacy to patients' global assessment of disease activity and physicians' global assessment of disease activity in the study.
The results support the once-daily dosing option with celecoxib and meloxicam, which has important implications for convenience and compliance with therapy. This is particularly important among elderly patients who often find multiple daily dosing regimens difficult to adhere to [24, 25] .
In this study, the overall number of AEs was small in all treatment groups, and discontinuations were primarily related to AEs associated with the GI system and skin rash. There was no evidence of a relationship between the regimens and the frequency of AEs. In this study, patients were generally elderly (approximately 25% of the patients were at least 65 years of age). Therefore, this population is at high risk for GI AEs. The result is consistent with previous reports of the low rate of GI AEs with other COX-2-specific inhibitors [19, [26] [27] [28] [29] .
It is noteworthy that the proportion of patients withdrawing due to an AE were similar in the three groups receiving active treatment. This may be a random finding, but it highlights the mild severity of the symptoms experienced by patients. In general, the AE and laboratory findings were similar to those in previous studies of similar length in which similar dosages were used [18, 19] . Also the restriction of this study was that it applied to elderly patients with secondary OA lesions and not during the active phases of the disease between five and 13 years.
In summary, over the six week period of this study, celecoxib 200 mg qd, meloxicam 7.5 mg qd or paracetamol 300 mg t.i.d. provided effective relief from the symptoms of KBD (celecoxib and meloxicam for pain and stiffness, paracetamol for pain), but they all did not improve overall physical function. Additional studies of longer duration with larger patient populations evaluating the three regimens are warranted both to confirm the efficacy data from this trial as well as obtaining additional information regarding the safety of celecoxib, meloxicam and paracetamol. 
